INTRODUCTION
Microbes in the environment play an important role in cycling and destroying pollutants through biodegradation. Bacteria and fungi are the chief agents for biodegradation, while yeast, algae, diatoms, some plants and animals also metabolize chemicals (Alexander, 1981) 1 . Since the complete biodegradation of organic chemicals in the natural ecosystem is primarily due to microorganisms, biotechnological applications employ microbes or their enzymes for waste treatment (Ninnekar, 1991) 2 .
Only a limited number of attempts have been made towards this in the past.
Based up on the above studies the present study was executed to study the biodegrading capacity of native fungi present in the fungi population of tannery effluent individually and also in mixed culture.
MATERIAL AND METHODS
The area selected for the present study is situated at Thirumudivakkam, 5 kms away from Pallavaram, Chennai.The effluent samples for the current study were collected from the final discharge point where in effluent from all the stages of processing are released together from a tannery in Thirumudivakkam. The effluent samples were collected in polythene containers of 5 litres capacity and brought to the laboratory with due care and stored at 20° C until further analysis. The period of collection was 12 months from May 2010 to April 2011. pH, BOD, COD, TSS ,TDS were analysed following standard methods (APHA,2005) 5 .
Isolation, identification and culture of Fungi from tannery effluent: Tannery effluents collected were used for the analysis of mycoflora. The fungi were isolated using dilution plating method. Potato Dextrose Agar (PDA) was used as culture medium (Booth, 1971) 6 .The petri dishes containing the effluent sample in PDA were incubated at room temperature 28°C ±2°C in a glass chamber for the isolation of fungi for a period of 4 to 5 days the growing colonies were counted and identified up to species level. Wherever necessary the colonies were sub-cultured in Czapek's Dox Agar (CDA) for species identification. Lactophenol and lactophenol with cotton blue (for hyaline molds) were used for preparing slides for examination and the slides were sealed with DPX mountant for future use. The fungi mounted in lactophenol cotton blue were observed through light microscope and were identified using standard manuals (Gilman (1967) ; Barnett and Hunter (1972) 10 .
The results obtained were presented as (Colony forming units) "cfu/ml" and "percent contribution" -2 Average of no of colonies / plate No.of cfu/ml of tannery effluent= ×Dilution factor (10 ) Volume of Effluent
The term "percent contribution" refers to the contribution of individual species to the total, and is calculated as follows, No. of cfu/ml of an individual species No.of cfu/ml of an individual species = ×100 Total no. of cfu/ml of all species After identification of the fungi, mass culture was carried out in the laboratory to be used for biotreatment of the tannery effluent. Fungi such as Aspergillus niger, Aspergillus terreus, and Paecilomyces varioti were cultured in mass using the Malt Extract Agar medium. Whereas, the fungus, Phanerochaete chrysosporium was grown in the specific medium containing Thiamine hydrochloride (Kirk et al., 1976) 11 .
Biodegradation of tannery effluent using individual culture: Mycelial mat of fungi in liquid culture was recovered and washed in sterile distilled water. Approximately 10gms (fresh weight) of mycelia of Aspergillus niger, Aspergillus terreus, Paecilomyces varioti and Phanerochaete chrysosporium were transferred to experimental jars separately containing 500ml of raw (100%) tannery effluent. Similarly mycelial mat of mixed fungi (Aspergillus niger, Aspergillus terreus, Paecilomyces varioti and Phanerochaete chrysosporium) grown in mass culture was recovered and washed in sterile distilled water and transferred to experimental jars separately containing 500ml of raw (100%) tannery effluent. All jars were kept in a shaker and maintained at 28°C± 2°C. A few required physicochemical parameters such as pH, BOD, COD, TSS and TDS were estimated in the tannery effluent before and after an interval of 6 days and 12 days to check the degradation process by the microbes in each jar.
Statistical Analysis
The data obtained from the various experiments were subjected to statistical analysis in order to understand the validity of the data. Biodegradation of tannery effluent using individual species of fungi and mixed culture on 6 th and 12 th day pH of tannery effluent after biodegradation Biodegradation of tannery effluent in two different days at an interval of 6 days ie., on 6 th and 12 th day of incubation by individual fungus and mixed culture of fungi with regard to pH is shown in Table 1 . On the 6 th day of biodegradation the pH increased to 6.88 in mixed culture, followed by Aspergillus terreus (6.77).Corresponding percentage change of +52.55 % and +50.11% respectively. On 12 th day of biodegradation, change in pH obtained by individual species did not vary much (7.53-7.75). However pH value obtained (7.77) by mixed culture was a little higher than those for individual species. Between the 2 intervals of incubation for change in pH by four different microbes and mixed culture, it may be pointed out that the pH reached neutral. The increase in pH from acidic to neutral is statistically significant at p<0.001 level.
BOD of Tannery effluent after biodegradation
Biodegradation of tannery effluent on two different days of interval (6 and 12 days) by the individual fungus and mixed culture for BOD is shown in table 2.On the 6 th day, there was drastic change in degradation by P.varioti (-73.05%) followed by the mixed culture (-69.82%), A. niger (-65.11%), P .chrysosporium (-64.11%) and A. terreus (-56.35%) indicating the biodegradation ability of the microbes. While on the 12 th day the efficiency of biodegradation increased to 87.46% by P. varioti and -90.07% by the mixed culture. The reduction in BOD in the bio-treated effluent is statistically significant P<0.001.
COD of tannery effluent after biodegradation
Biodegradation of raw tannery effluent on 6 th and 12 th day by the individual fungus and mixed culture for COD is presented in table 3. On the 6 th day, P. varioti recorded a reduction of -60.12% whereas in the mixed culture treatment the reduction was to the tune of -66.96%. On the 12 th day P. chrysosporium marked a reduction of -85.65%, and the mixed culture recorded the reduction of -86.15%. Decrease in COD in the biodegraded effluents is statistically significant P<0.001. 
TSS of tannery effluent after biodegradation
Biodegradation of raw tannery effluent on the 6 th and 12 th day of incubation by the individual fungus and mixed culture for TSS is shown in table 4. On the 6 th day mixed culture showed a reduction of -78.90% of TSS followed by P. varioti (-77.25%). On the 12 th day the reduction of TSS was -74.85% by A .terreus , -73.90% by A. niger, -72.51% by P. chrysosporium and -80.19% by P. varioti. Mixed culture reduced -82.61% of the TSS. Decrease in TSS in bio-treated effluent is statistically significant P<0.001.
TDS of tannery effluent after biodegradation
The observations noticed in the biodegradation of TDS in the raw tannery effluent in two different days of intervals (6 and 12 days) by the individual fungus and mixed culture is shown in table 5. On the 6 th and 12 th day the percentage changes shown by A. niger is -12.17 and -20.17% respectively. In the case of mixed culture the reduction was-40.63% on the 6 th day and -53.66% on the 12 th day. Reduction is TDS in bio-treated effluent is statistically significant p<0.001.
DISCUSSION
Tannery effluent is rich in organic and inorganic nutrients, which will support the growth of the microbial population. Bacteria and fungi are the chief agents for the biodegradation of organic compounds. 18 species of fungi are identified in the present investigation. Rao & Rao (2000) 12 reported the presence of over 25 species of fungi in the tannery effluents.
In the present study the dominant mycoflora noticed in the tannery effluent are Aspergillus terreus, Phanerochaete chrysosporium, Paecilomyces varioti and Aspergillus niger. Radha (1995) 3 , pointed out that the presence of native microbes in tannery effluent can be successfully exploited to remove the pollutants, a technique which is more economically and industrially effective. Results showed the effectiveness of this methodology in bringing about favourable reductions in the levels of physico-chemical parameters like pH, BOD, COD, TDS, and TSS. Present study indicates that the pH changed from acidic to near neutral, on biodegradation by all the four candidate species and by mixed culture. Mixed culture with a percentage change of about +72.28%, and A. terreus (+71.84%) showed more efficiency in changing the pH from acidic to alkaline side.It may be notified that P.chrysosporium and A. terreus have the ability to change the pH from acidic to neutral, than the other two fungi indicating their efficiency. It has been recommended that they are the most widely studied organisms in biodegradation (Kirk and Farrell, 1987) 13 . Variation in the change of pH by different species could be due to various factors like release of enzymes by the fungus to change the pH.
Results revealed that P. varioti reduced comparatively larger amounts of BOD followed by mixed culture. According to Gaddad and Rodgi (1985) BOD removal efficiencies of the filamentous A.niger is poor which contradicts the present investigations where in A.niger exhibits good biodegrading capability. This difference may be due to difference in source of effluents or may be due to difference in strains of microbes. Further they suggested that fungi in combination show better BOD removal efficiency than individual forms. COD was reduced effectively by P.varioti, P.chrysosporium and A.niger and also by mixed culture. Within the four microbes P.varioti showed higher reduction of COD. This reduction of COD many depend on the growth medium. Use of Actinomycetes strains for effective reduction of cod from tannery effluent was reported by More et al. (2001) 14. It was evident from the above results that P. varioti and mixed culture are able to degrade the TSS above 80% when compared to the other groups on the 12 th day. It is interesting to note that degradation of TDS by different Fungi was not appreciable, but the mixed culture was able to reduce at least 53.66% in 12 days.
Studies of Blanchette (1991) 15 , Panneerselvan (1998) 16 , Prabakar (1999) 17 shows that P.chrysosporium is able to degrade BOD, COD, TDS and TSS 90% to 95%, while P.varioti and A.niger has shown better biodegradation capability. Whatever be the fungal species maximum biodegradation was not very effective at higher concentration of effluent, which could be due to the high organic and inorganic load in the tannery effluent. According to Goel (2000) 18 , single microbe do not have all the enzymes to degrade different kinds of organic matter, therefore a mixture of microbes of various kind is required to completely degrade the organic matter which justifies the present investigation.
Hence it may be suggested that instead of using monoculture of fungus, co-culture/mixed cultures with immobilization will be beneficial for biodegradation and purification of effluents.
CONCLUSION
Eighteen different species of fungi were identified from the tannery effluents collected Chennai. Out of these four dominant species of fungi like A. niger, A. terreus, P. varioti and P. chrysosporium were selected for biodegradation experiments. Biodegradation of raw tannery effluent in different day intervals (viz. 6 and 12 th day) by individual and mixed cultures was carried out with A. niger, A. terreus, P. varioti and P. chrysosporium. Important physiochemical characters namely pH, BOD, COD, TSS and TDS were analysed in the biotreated tannery effluent Results of biodegradation of tannery effluent was found to be successful resulting in change of pH from acidic to neutral, reduction of BOD, COD, TSS and TDS by over 50 to 80% thereby satisfying CPCB (1995) 19 standards for effluent discharge.
The above study indicates that instead of single fungus either co-culture or mixed culture must be used for biodegradation of tannery effluent. Moreover the study reveals the capability and role played by each fungus in the biodegradation process studied.
